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(sj)  Treatment  of  used  lubricating  oil  to  reduce  content  of  suspended  particulates. 
Process  for  treating  used  lubricating  oil  to  reduce  the 

content  of  suspended  particulate  matter  therein,  characte- 
rized  by  contacting  said  used  lubricating  oil  with  a  carbonyl- 
group  containing  compound  in  the  presence  of  an  aqueous 
electrolyte,  separating  the  resulting  mixture  into  an  upper 
layer  containing  clarified  oil  and  a  lower  layer  containing 
agglomerated  particulates,  and  recovering  oil  of  reduced 
particulate  content  as  product.  Suitable  carbonyl-group 
containing  compounds  include  ketones,  esters  and  aldehy- 
des  and  suitable  electrolytes  include  inorganic  and  organic 
acids,  alkalis  and  salts. 



T h i s   i n v e n t i o n   r e l a t e s   to   t r e a t m e n t   o f  

u s e d   a u t o m o t i v e   l u b r i c a t i n g   o i l .  

The  i m p o r t a n c e   of   c o n s e r v i n g   c r u d e   o i l  

p r o d u c t s   i s   e m p h a s i s e d   a t   t h e   p r e s e n t   t i m e   b y  

t h e   c o n s t a n t l y   i n c r e a s i n g   p r i c e  o f   c r u d e   o i l  

and  t h e   p o s s i b i l i t y   of  u n c e r t a i n   s u p p l y   i n  

c i r c u m s t a n c e s   b e y o n d   t h e   c o n t r o l   of  t h e   c o n s u m e r .  

C o n s e r v a t i o n   of  l u b r i c a t i n g   o i l   in   A u s t r a l i a   i s  

of  p a r t i c u l a r   i m p o r t a n c e   as  i n d i g e n o u s   c r u d e   i s  

d e f i c i e n t   in  h e a v y   f r a c t i o n s   as  c o m p a r e d   w i t h  

t r a d i t i o n a l ,  e . g .   M i d d l e   L a s t ,   s o u r c e s .  

A u t o m o t i v e   l u b r i c a t i n g   o i l   b e c o m e s   c o n t a m i n a t e d  

d u r i n g   u s e   and  c o n s e q u e n t l y   m u s t   be  p e r i o d i c a l l y   r e m o v e d  

and   r e p l a c e d .   H o w e v e r ,   as   t h e  o i l   i t s e l f   h a s   n o t  

b e e n   c o n s u m e d ,   t h e   u s e d   o i l   ( c o m m o n l y   r e f e r r e d   to   a s  

" w a s t e   o i l " )   c o n s t i t u t e s   a  v a l u a b l e   r e s o u r c e   t h a t  

s h o u l d   n o t   be  d i s c a r d e d .  

Used   a u t o m o t i v e   l u b r i c a t i n g   o i l   c o n t a i n s  a  

l a r g e   n u m b e r   of  c o n t a m i n a n t s ,   i n c l u d i n g   w a t e r ,  

l i g h t   h y d r o c a r b o n s ,   o i l   o x i d a t i o n   p r o d u c t s   a n d  

s u s p e n d e d   p a r t i c u l a t e s ,   as   w e l l   as   e x t r a n e o u s  

s u b s t a n c e s   w h i c h   a r e   a d d e d   d u r i n g   c o l l e c t i o n .   T h e  

p a r t i c u l a t e s   u s u a l l y   c o n s i s t   of   a g g r e g a t e s   o f  

c a r b o n a c e o u s   m a t e r i a l   and  c o m p o u n d s   of   l e a d ,   p r o d u c e d  

in  t h e   c o m b u s t i o n   of  l e a d e d   p e t r o l ,   as  w e l l   as  s m a l l  

q u a n t i t i e s   of  w e a r   m e t a l s .   The  p a r t i c u l a t e s   a r e   s m a l l  



in   s i z e ,   g e n e r a l l y   l e s s   t h a n   1  m i c r o m e t r e .   T h e y  

a r e   k e p t   in   s u s p e n s i o n   by  d i s p e r s a n t   c o m p o u n d s  

d e l i b e r a t e l y   a d d e d  t o   t h e  f r e s h   l u b r i c a t i n g   o i l  

in  i t s   f o r m u l a t i o n .  

An  e s s e n t i a l   s t e p   in   r e g e n e r a t i n g   t h e   s o - c a l l e d  

w a s t e   o i l   f o r   r e - u s e   i s   to   r e m o v e   t h e s e   s u s p e n d e d  

p a r t i c u l a t e s .   Mode rn   d i s p e r s a n t   a d d i t i v e s   a r e   s o  

s u c c e s s f u l   in   k e e p i n g   p a r t i c u l a t e s   in  s u s p e n s i o n   i n  

t h e   o i l   t h a t   r e m o v i n g   them  h a s   b e c o m e   a  d i f f i c u l t  

p r o b l e m .   N u m e r o u s   d i f f e r e n t   p r o c e d u r e s   h a v e   b e e n  

t r i e d ,   i n c l u d i n g   s o l v e n t   t r e a t m e n t ,   a c i d   and  a l k a l i  

w a s h i n g   and  h i g h - t e m p e r a t u r e   d i s t i l l a t i o n ,   w i t h   o n l y  

m o d e r a t e   s u c c e s s .   The  a d d i t i o n   of   m e t h y l   e t h y l   k e t o n e  

(MEK)  as  p r o p o s e d   in  U . S .   p a t e n t   3 , 7 6 3 , 0 3 6   h a s   b e e n  

f o u n d   to   r e s u l t   in  s l o w   a g g l o m e r a t i o n   of  p a r t i c u l a t e s  

w h i c h   may  t h e n   be  r e m o v e d   by  g r a v i t y   s e t t l i n g   or   b y  

c e n t r i f u g a l   s e p a r a t i o n .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  r a p i d   a n d  

c o n v e n i e n t   p r o c e s s   f o r   a g g l o m e r a t i n g   and  s e p a r a t i n g  

s u s p e n d e d   p a r t i c u l a t e   m a t t e r ,   i n c l u d i n g   l e a d ,   f r o m  

h y d r o c a r b o n   l u b r i c a t i n g   o i l s   u s e d   in  i n t e r n a l  

c o m b u s t i o n   e n g i n e s .  



I t   w i l l   be  u n d e r s t o o d   t h a t   we  u se   t h e   t e r m  

" a g g l o m e r a t i o n "   in  t h e   s e n s e   t h a t   i n c l u d e s  

t h e   p h e n o m e n o n   more   s t r i c t l y   r e f e r r e d   to   a s  

f l o c c u l a t i o n .  

In  a  g e n e r a l   a s p e c t   t h e   i n v e n t i o n   p r o v i d e s  

a  p r o c e s s   f o r   t r e a t i n g   u s e d   l u b r i c a t i n g   o i l  

to   r e d u c e   t h e   c o n t e n t   of   s u s p e n d e d   p a r t i c u l a t e  

m a t t e r   t h e r e i n ,   c h a r a c t e r i s e d   by  c o n t a c t i n g  

s a i d   u s e d   l u b r i c a t i n g   o i l .   w i t h   a  c a r b o n y l -  

g r o u p   c o n t a i n i n g   c o m p o u n d   in   t h e   p r e s e n c e   o f  

an  a q u e o u s   e l e c t r o l y t e ,   s e p a r a t i n g   t h e   r e s u l t i n g  

m i x t u r e   i n t o   an  u p p e r   l a y e r   c o n t a i n i n g   c l a r i f i e d  

o i l   and  a  l o w e r   l a y e r   c o n t a i n i n g   a g g l o m e r a t e d  

p a r t i c u l a t e s ,   and  r e c o v e r i n g   c l a r i f i e d   o i l  

as   p r o d u c t .  

The  c a r b o n y l - g r o u p   c o n t a i n i n g   c o m p o u n d   m a y  

f o r   e x a m p l e   be  a  k e t o n e ,   an  e s t e r   o r   an  a l d e h y d e .  

P r e f e r r e d   c a r b o n y l - g r o u p   c o n t a i n i n g  

c o m p o u n d s   a r e   s o l v e n t s   s u c h   as   m e t h y l   i s o b u t y l  

k e t o n e   (MIBK),  m e t h y l   e t h y l   k e t o n e   (MEK)  o r  

e t h y l  a c e t a t e .   M i x t u r e s   of   c a r b o n y l - g r o u p  

c o n t a i n i n g   c o m p o u n d s   may  be  u s e d .  

S u i t a b l e   e l e c t r o l y t e s   may  be  a c i d s ,   a l k a l i s  

and  s a l t s .   P r e f e r r e d  e l e c t r o l y t e s   i n c l u d e  

o r g a n i c   or   i n o r g a n i c   a c i d s ,   s u c h   as  a c e t i c ,  



h y d r o c h l o r i c ,   s u l p h u r i c   and   c a r b o n i c   a c i d ;  

a l k a l i s   s u c h   as  s o d i u m   h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e   and  ammonium  h y d r o x i d e ;   and  s a l t s  

s u c h   as  s o d i u m   c h l o r i d e ,   s o d i u m   s u l p h a t e ,  

ammonium  c h l o r i d e ,   ammonium  s u l p h a t e ,  

f e r r o u s   c h l o r i d e ,   and  a l u m i n i u m   s u l p h a t e .  

M i x t u r e s   o f   e l e c t r o l y t e s   may  a l s o   be  u s e d .  

The  p r o c e s s   may  be  c a r r i e d   o u t   a t   a n y  

c o n v e n i e n t   t e m p e r a t u r e ,   f o r   e x a m p l e   f rom  1 5 ° C  

to   6 0 ° C .  

The  s o l v e n t - t o - o i l   r a t i o   may  be  a t   l e a s t  

1 : 1 ,   p r e f e r a b l y   b e t w e e n   a b o u t   1 . 5 : 1   and   4 : 1 .  

S e p a r a t i o n   of  a g g l o m e r a t e d   p a r t i c u l a t e s  

f r o m   t h e   o i l   may  be  e f f e c t e d   by  any   c o n v e n i e n t  

m e a n s ,   f o r   e x a m p l e ,   g r a v i t y   s e t t l i n g ,   c e n t r i f u g i n g  

or   f i l t r a t i o n .   G r a v i t y   s e t t l i n g   may  be  c o n d u c t e d ,  

f o r   e x a m p l e ,   b e t w e e n   0 . 5   and  2  h o u r s .   The  k e t o n e  

(or   o t h e r   c a r b o n y l - g r o u p   c o n t a i n i n g   s o l v e n t )   i s  

r e a d i l y   r e c o v e r e d   f rom  t h e   s e p a r a t e d   s o l v e n t -  

o i l   l a y e r   by  s t a n d a r d   m e a n s  s u c h   as  d i s t i l l a t i o n  

and  i s   a v a i l a b l e   f o r   r e - u s e .   The  e l e c t r o l y t e ,  

i f   v o l a t i l e ,   can  a l s o   be  r e c o v e r e d   s i m u l t a n e o u s l y .  

I f   a  n o n - v o l a t i l e   a c i d   s u c h   as   s u l p h u r i c   a c i d  

i s   u s e d ,   t h e  a c i d   may  be  n e u t r a l i z e d   b y  

s u b s e q u e n t   a l k a l i   w a s h ,   f o r   e x a m p l e   w i t h   d i l u t e  



a q u e o u s   c a u s t i c   s o d a   or   a m m o n i a .   The  s e c o n d a r y  

t r e a t m e n t   w i t h   a l k a l i   can   r e s u l t   in   f u r t h e r  

p r e c i p i t a t i o n   w h i c h   m a y  o r   may  n o t   n e c e s s i t a t e  

s e p a r a t i o n   by  t h e   means   p r e v i o u s l y   d e s c r i b e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h i s   c o n s t i t u t e s  

a  t w o - s t a g e   t r e a t m e n t ,   n a m e l y   an  a c i d   t r e a t m e n t  

f o l l o w e d   by  an  a l k a l i ,   t r e a t m e n t .  

The  i n v e n t i o n   t h u s   a l s o   c o n t e m p l a t e s   s u c c e s s i v e  

t r e a t m e n t s   e m p l o y i n g   d i f f e r e n t   r e a g e n t s ,   f o r  

e x a m p l e   a l k a l i   t r e a t m e n t   f o l l o w e d   by  a c i d  

t r e a t m e n t .  

The  s e p a r a t e d   s l u d g e   m a y  b e   w a s h e d   w i t h  

f r e s h   or   r e c o v e r e d   s o l v e n t   to   r e m o v e   a d h e r i n g  

o i l ,   t h e n   f i l t e r e d   and  d r i e d   t o   y i e l d   a  d r y  

p o w d e r   w h i c h   can   be  d i s p o s e d   of   or   f u r t h e r  

p r o c e s s e d   t o   r e c o v e r   l e a d .  

M i x i n g   of   t h e   w a s t e   o i l   and  s o l v e n t   can   b e  

a c h i e v e d   by  s t a n d a r d   means   s u c h  a s   " i n - l i n e "  

m i x i n g   o r   m e c h a n i c a l   a g i t a t i o n .  

The  p r o c e s s   of   t h e   i n v e n t i o n   may  be  c a r r i e d  

o u t   on  a  b a t c h   o r   a  c o n t i n o u s   b a s i s .  

A l t h o u g h   we  do  n o t   w i s h   to   be  l i m i t e d   b y  

any  t h e o r e t i c a l   o r   p o s t u l a t e d   m e c h a n i s m   f o r   t h e  

o b s e r v e d   b e n e f i c i a l   e f f e c t s ,   we  b e l i e v e   i t  

l i k e l y   t h a t   t h e   c a r b o n y l - g r o u p   c o n t a i n i n g  



c o m p o u n d   f u n c t i o n s   to   s o l u b i l i z e   t h e   a d d e d  

d i s p e r s a n t   w h i c h   i s   a d h e r i n g   to   t h e   p a r t i c u l a t e  

p h a s e   and  t h u s   p r e v e n t i n g   i t   f r o m   a g g l o m e r a t i n g .  

The  a q u e o u s   e l e c t r o l y t e   may  p r o v i d e   i o n s   w h i c h  

n e u t r a l i z e   t h e   s u r f a c e   c h a r g e   on  t h e   p a r t i c l e s  

w h i c h   h a v e   b e e n   f r e e d   of   p r o t e c t i n g   d i s p e r s a n t  

m o l e c u l e s ,   t h e r e b y  f a c i l i t a t i n g   a c c e l e r a t e d  

a g g l o m e r a t i o n   of   t h e   p a r t i c l e s   to  y i e l d   l a r g e  

c l u m p s   w h i c h   s e t t l e   r a p i d l y .  

The  a b i l i t y   of   a  s m a l l   q u a n t i t y   o f   a q u e o u s  

e l e c t r o l y t e  t o   c a u s e   r a p i d   a g g l o m e r a t i o n   o f  

p a r t i c u l a t e s   when  a d d e d   in   t h e   p r e s e n c e   o f  

a  c a r b o n y l - g r o u p   c o n t a i n i n g   c o m p o u n d   s u c h   a s  

k e t o n e   i s   s u r p r i s i n g ,   s i n c e   a c i d s   or   a l k a l i s  

a l o n e   a r e   i n e f f e c t u a l   and  m o s t   common  o r g a n i c  

s o l v e n t s   s u c h   as  k e r o s i n e ,   b e n z e n e   and  a l c o h o l s ,  

to   w h i c h   e l e c t r o l y t e s   h a v e   b e e n   a d d e d ,   a r e   a l s o  



i n e f f e c t u a l .   H o w e v e r ,   we  h a v e   f o u n d   t h a t   c e r t a i n  

c l a s s e s   of   l i q u i d   o r g a n i c   c o m p o u n d s   w h i c h   a r e  

r e l a t e d   s t r u c t u r a l l y   to   k e t o n e s ,   s u c h   as  e s t e r s   a n d  

a l d e h y d e s ,   a r e   a l s o   e f f e c t i v e   in  t h e   p r e s e n c e   o f  

a q u e o u s   e l e c t r o l y t e s ,   b u t   in   v a r y i n g   d e g r e e s ,   t h e   c o m m o n  

s t r u c t u r a l   f e a t u r e   b e i n g   t h e   p r e s e n c e   of  a  c a r b o n y l  

g r o u p .   A n o t h e r   s u r p r i s i n g   f e a t u r e   i s   t h a t   a q u e o u s  

i n o r g a n i c   a c i d s   w h i c h   a r e   o n l y   s l i g h t l y   s o l u b l e   in  k e t o n e s  

or  t h e   o t h e r   c a r b o n y l - g r o u p   c o n t a i n i n g   s o l v e n t s   a r e   a t  

l e a s t   as  e f f e c t i v e   as  o r g a n i c   a c i d s   s u c h   as  a c e t i c   a c i d .  

A n o t h e r   f e a t u r e   of   t h e   i n v e n t i o n   i s   t h a t   e l e v a t e d  

t e m p e r a t u r e s   in  t h e   o r d e r   of   6 0 ° C - 1 5 0 ° C   as  u s e d   i n  

o t h e r   p u r i f y i n g   p r o c e s s e s   a r e   n o t   r e q u i r e d .   O u r  

m e t h o d   p r e f e r a b l y   e m p l o y s   t e m p e r a t u r e s   in  t h e   o r d e r  

of  15°C  to   60°C ,   t h e r e b y   a f f o r d i n g   a  s a v i n g   i n  

p r o c e s s i n g   c o s t s .  

A n o t h e r   f e a t u r e   o f   t h e   i n v e n t i o n   i s   t h a t   a  low  v o l u m e  

r a t i o   of   s o l v e n t   to   o i l ,   f o r   e x a m p l e   1 . 5 : 1   i s   e f f e c t i v e .   ) 

T h i s   low  r a t i o   means   t h a t   t h e   c o s t   of   r e c o v e r y   of   t h e   I 

s o l v e n t   i s   r e d u c e d .   Even  l o w e r   s o l v e n t   to   o i l   r a t i o s  

may  be  u s e d .   H o w e v e r ,   t h e s e   r e s u l t   in   a  r e d u c e d  

p a r t i c u l a t e   r e m o v a l   and  h i g h e r   l e a d   c o n t e n t .  

A  f u r t h e r   f e a t u r e   of   t h e   i n v e n t i o n   i s   t h a t  

w a t e r   n e e d   n o t   be  r e m o v e d   f rom  t h e   w a s t e   o i l  

p r i o r   to   t r e a t m e n t ,   as  w a t e r   i s   an  e s s e n t i a l  

c o m p o n e n t   in  e f f e c t i n g   a g g l o m e r a t i o n .  



The  f o l l o w i n g   e x a m p l e s   f u r t h e r   i l l u s t r a t e   t h e  

m e t h o d   of  t h e   i n v e n t i o n   b u t   a r e   n o t   to   be  c o n s t r u e d  

as  l i m i t a t i o n   t h e r e o f .  

EXAMPLE  1 .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t i v e n e s s  

of   a  m i x t u r e   of  MIBK  and  a q u e o u s   a c i d   f o r   t r e a t i n g  

u s e d   o i l ,   c o m p a r e d   w i t h   o t h e r   o r g a n i c   s o l v e n t s  

c o n t a i n i n g   a q u e o u s   a c i d   a t   t h e   same  c o n c e n t r a t i o n .  

The  s o l v e n t s   u s e d   w e r e   n - p e n t a n e ,   k e r o s i n e ,   b e n z e n e ,  

m e t h a n o l ,   e t h a n o l ,   i - p r o p a n o l   and  n - b u t a n o l .   T h e  

e x a m p l e   a l s o   i l l u s t r a t e s   t h e   s u p e r i o r i t y   of  t h e  

M I B K / a q u e o u s   a c i d   c o m b i n a t i o n   o v e r   p u r e   MIBK  and  M I B K /  

a q u e o u s   a l k a l i .  

The  p r i m a r y   p r o c e d u r e   was  as  f o l l o w s :  

To  a  100  cm3  t e s t - t u b e   was  a d d e d   75  cm3  o f  

MIBK,  or   o t h e r   o r g a n i c   s o l v e n t   as   l i s t e d   a b o v e ,   a n d  

1  c m 3  o f   80%  H2SO4.  The  s o l v e n t   and  a c i d   w e r e   t h e n  

m i x e d   t h o r o u g h l y .   The  a c i d   r e p r e s e n t e d   a b o u t   2 . 8 %  

w/w  of  t h e   s o l v e n t   s y s t e m .   23  cm3  of   w a s t e   l u b r i c a t i n g  

o i l   was  t h e n   a d d e d   to   t h e   a c i d i c   s o l v e n t   s y s t e m   a n d  

t h e   r e s u l t a n t   m i x t u r e   s h a k e n   v i g o r o u s l y   f o r   1 - 2   m i n u t e s  

to   a s s u r e   u n i f o r m   c o n t a c t   b e t w e e n   t h e   u s e d   o i l   a n d  

s o l v e n t .   The  m i x t u r e   was  t h e n   l e f t   u n d i s t u r b e d   f o r  

30  m i n u t e s   and  i n  s o m e   c a s e s   up  to   1  h o u r .  

In  a  c o m p a r a t i v e   p r o c e d u r e ,   75  cm3  of  p u r e   MIBK 

was  u s e d ,   t h e   s u b s e q u e n t   s t e p s   b e i n g   t h e   s a m e .  

In  a n o t h e r   c o m p a r a t i v e   p r o c e d u r e   75  cm3  of  MIBK  w a s  

m i x e d   w i t h   1  cm3  of  21%  w/w  NH4OH,  i n s t e a d   of   a c i d ,  

t h e   s u b s e q u e n t   s t e p s   b e i n g   t h e   s a m e .  



W i t h   t h e   MIBK  a n d   a c i d ,   a g g l o m e r a t e d  

p a r t i c u l a t e s   c o u l d   be  s e e n   s e t t l i n g   down  r a p i d l y ,  

f o r m i n g   a  d e s c e n d i n g   i n t e r f a c e   b e t w e e n   an  u p p e r  

c l a r i f i e d ,   d a r k   r e d ,   o i l - s o l v e n t   m i x t u r e   and   a  

l o w e r   l a y e r   of   o p a q u e   l i q u o r   c o n t a i n i n g   s u s p e n d e d  

m a t t e r .   The  a g g l o m e r a t i o n   and   t h u s   s e t t l i n g   o f  

c o n t a m i n a n t s   was  r e l a t i v e l y   r a p i d .   W i t h i n   30  m i n u t e s ,  

t h e   a g g l o m e r a t e d   p a r t i c u l a t e s   s e t t l e d   t o   t h e   b o t t o m  

of   t h e   t e s t - t u b e   to   f o r m   a  c o m p a c t   l e a d - c o n t a i n i n g  

s l u d g e   o f   l e s s   t h a n   10%  of  t h e   t o t a l   v o l u m e .   T h e  

c l e a r   o i l - s o l v e n t   m i x t u r e   o c c u p i e d   t h e   r e m a i n i n g   v o l u m e .  

Of  t h e   s o l v e n t s   o t h e r   t h a n   MIBK,  n - p e n t a n e  a n d  

k e r o s i n e   a r e   m i s c i b l e   w i t h   t h e   w a s t e   o i l   b u t   m o s t  

a l c o h o l s   a r e   o n l y   s p a r i n g l y   m i s c i b l e   w i t h   o i l   a t  

a m b i e n t   t e m p e r a t u r e .   None  of  t h e s e   e i t h e r   a l o n e   o r  

i n   c o m b i n a t i o n   w i t h   a q u e o u s   a c i d   o r   a l k a l i ,   p r o d u c e d  

a  c l e a r   o i l - s o l v e n t   l a y e r ;   o n l y   a  v e r y   s m a l l   a m o u n t  

o f   v e r y   f i n e   p r e c i p i t a t e d   s l u d g e   was  f o u n d   a t   t h e  

b o t t o m   o f   t h e   t e s t - t u b e   a t   t h e   end   of   t h e   s e t t l i n g   p e r i o d .  

M o r e o v e r ,   t h e   w a s t e - o i l - s o l v e n t   m i x t u r e   r e m a i n e d   v e r y  

b l a c k   and   o p a q u e   in   a p p e a r a n c e   i n d i c a t i n g   t h e   i n e f f e c t i v e n e s s  

o f   t h e s e   s o l v e n t   s y s t e m s   in   r e m o v i n g   s u s p e n d e d   p a r t i c u l a t e  

m a t t e r ,   i n c l u d i n g   l e a d ,   f r om  t h e   w a s t e   o i l .  



EXAMPLE  2 .  

T h i s   e x a m p l e   g i v e s   a  c o m p a r i s o n   of  t h e  

e f f e c t i v e n e s s   of   d i f f e r e n t   k e t o n e s   p l u s   an  a c i d ,  

f o r   t r e a t i n g   w a s t e   o i l .   The  p r i m a r y   p r o c e d u r e   o f  

e x a m p l e   1  was  r e p e a t e d   u t i l i z i n g   t h e   f o l l o w i n g   k e t o n e s  :  

a c e t o n e ,   m e t h y l   e t h y l   k e t o n e   (MEK),  m e t h y l   p r o p y l  

k e t o n e   (MPK),  m e t h y l   i s o b u t y l   k e t o n e   (MIBK)  a n d  

d i e t h y l   k e t o n e   (DEK).  As  w i t h   e x a m p l e   1,  2.8%  w / w  

of  80%  H2SO4  was  a d d e d   to   t h e   k e t o n e .   A c e t o n e   w a s  

f o u n d   n o t   to   be  c o m p l e t e l y   m i s c i b l e   w i t h   t h e   w a s t e  

o i l ;   i t   was  n o t   e f f e c t i v e   in  c l a r i f y i n g   t h e   w a s t e   o i l .  

The  o t h e r   k e t o n e s   l i s t e d   a b o v e   w e r e   a l l   c o m p l e t e l y  

m i s c i b l e   w i t h   w a s t e   o i l   a n d ,   in   t h e   a c i d i f i e d   f o r m ,  

c a u s e d   r a p i d   a g g l o m e r a t i o n   of  s u s p e n d e d   m a t t e r   and  t h u s  

i t s   s e t t l i n g   o u t   f r o m   t h e   w a s t e   o i l .   The  c l a r i f i e d  

o i l - s o l v e n t   m i x t u r e   was  t h e n   d e c a n t e d   o f f   and   s e p a r a t e d  

f rom  t h e   l e a d - c o n t a i n i n g   s l u d g e .  

T a b l e   1  shows   a  c o m p a r i s o n   of  t h e   l e a d   c o n t e n t s  

of   w a s t e   o i l   ( c o n t a i n i n g   an  i n i t i a l   0 .75%  w/w  l e a d  

in  o i l )   a f t e r   t r e a t m e n t   w i t h   t h e   a c i d i f i e d   k e t o n e s  

l i s t e d .  



The  f o u r   a c i d i f i e d   k e t o n c   s y s t e m s   a r e  

s u c c e s s f u l   in  r e d u c i n g   l e a d   c o n t e n t   of  w a s t e  

o i l   to   l e s s   t h a n   3%  of  t h a t   o r i g i n a l l y   p r e s e n t  

in  t h e   o i l ,   when  t r e a t e d   in  t h e   m a n n e r   d e s c r i b e d  

a b o v e .  

EXAMPLE  3 .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t i v e n e s s  

or  o t h e r w i s e   of  c e r t a i n   o r g a n i c   l i q u i d   c o m p o u n d s  

w h i c h   a r e   c l o s e l y   r e l a t e d   s t r u c t u r a l l y   to   k e t o n e s  

in  t h a t   t h e y   c o n t a i n   t h e   c a r b o n y l   g r o u p   - C = 0 ,  

and   w h i c h   a r e   m i s c i b l e   w i t h   w a s t e   o i l .   The  p r i m a r y  

p r o c e d u r e   of  e x a m p l e   1  was  r e p e a t e d   u s i n g   t h e  

f o l l o w i n g :   e t h y l   a c e t a t e ,   n - p r o p y l   a c e t a t e ,  

n - b u t y l   a c e t a t e ,   n - b u t y r a l d e h y d e ,   i - b u t y r a l d e h y d e .  

In  e a c h   c a s e ,   80%  H2SO4  was  a d d e d   so  t h a t   a c i d  

r e p r e s e n t e d   a b o u t   2.8%  w/w  of  t h e   s o l v e n t   s y s t e m .  

A c i d i f i e d   e t h y l   a c e t a t e   was  e q u a l l y   as  e f f e c t i v e  

in  r e d u c i n g   s u s p e n d e d   m a t t e r   as   MIBK  and  a c i d ,   a s  

d e s c r i b e d   in  e x a m p l e   1.  The  c l a r i f i e d   w a s t e   o i l   w a s  

a n a l y s e d   and  f o u n d   to   c o n t a i n   0 .021%  w / w ' l e a d .  

The  o t h e r   e s t e r s   and   a l d e h y d e s   t e s t e d   w e r e  

o n l y   p a r t i a l l y   e f f e c t i v e   in  r e d u c i n g   t h e   a m o u n t  

of  s u s p e n d e d   m a t t e r .   A g g l o m e r a t i o n   and  s e t t l i n g   w e r e  

s l o w ,   t a k i n g   l o n g e r   t h a n   one  h o u r   to   h a v e   a n y  

n o t i c e a b l e   e f f e c t .  



EXAMPLE  4 .  

T h i s   e x a m p l e   c o m p a r e s   d i f f e r e n t   a c i d s   i n  

a d m i x t u r e   w i t h   MIBK,  and   t h e   e f f e c t   of  t h e i r  

p e r c e n t a g e   in   t h e   s o l v e n t   s y s t e m .  

The  p r o c e d u r e   of   e x a m p l e  ?   was  r e p e a t e d ,  

w i t h   t h e   s o l v e n t   s y s t e m s   c o m p r i s i n g   MIBK  a n d  

s e v e r a l   o r g a n i c   ( c a r b o x y l i c )   a c i d s   u s e d   s e p a r a t e l y .  

The  a c i d s   u t i l i z e d   i n c l u d e d   f o r m i c ,   a c e t i c ,   p r o p i o n i c ,  

b u t y r i c   and  s u c c i n i c   a c i d .   In  a l l   c a s e s   t h e   M I B K / a c i d /  

w a t e r   v o l u m e   r a t i o s   w e r e   9 0 / 7 / 3 .   I t   was  f o u n d   t h a t  

t h e y   w e r e   a l l   s u c c e s s f u l   in   t r e a t i n g   t h e   w a s t e   o i l  

t o   r e s u l t   in  c l a r i f i e d ,   d a r k   r e d   o i l - s o l v e n t   m i x t u r e .  

A c e t i c   a c i d   was  f o u n d   m o s t   s u c c e s s f u l ;   i t   r e s u l t e d  

in  a  c o n c e n t r a t e d   s l u d g e   of   l e s s   t h a n   10%  of   t h e  

t o t a l   v o l u m e   w i t h i n   30  m i n u t e s   a f t e r   m i x i n g   t h e   o i l  

and   t h e   s o l v e n t ,   w h i l e   t h e   u s e   o f   MIBK  and  t h e   o t h e r  

o r g a n i c   a c i d s   g e n e r a l l y   d i d   n o t   r e s u l t   in   as   r a p i d  

a  s e t t l i n g   r a t e .  



Lead   c o n t e n t   of  w a s t e   o i l   a f t e r   t r e a t m e n t   w i t h  

M I B K  c o n t a i n i n g   a q u e o u s   a c e t i c   a c i d   in  t h e   v o l u m e  

r a t i o   as  g i v e n   a b o v e   was  0.08%:  w/w  Pb  in  t h e   o i l ,  

w h i c h   i s   a p p r o x i m a t e l y   10%  of  t h a t   o r i g i n a l l y   p r e s e n t  

in  t h e   o i l .  

The  p r o c e d u r e   of  e x a m p l e   2  was  a l s o   r e p e a t e d  

u t i l i z i n g   MIBK  and   two  i n o r g a n i c   a c i d s  h y d r o c h l o r i c  

a c i d   (HC1)  and   s u l p h u r i c   a c i d   (H2SO4) \in  d i f f e r e n t  

c o n c e n t r a t i o n s .   T a b l e  2   shows   t h e   r e s u l t s   of  l e a d  

c o n t e n t   of  w a s t e   o i l   a f t e r   t h e s e   t r e a t m e n t s .  



The  d a t a   in   T a b l e   2  c l e a r l y   i l l u s t r a t e  

t h a t   a  s m a l l   q u a n t i t y   of  s t r o n g ,   i n o r g a n i c   a c i d  

in  MIBK  i s   s u c c e s s f u l   in  s u b s t a n t i a l l y   r e d u c i n g  

l e a d   c o n t e n t   of   t h e   w a s t e   o i l .   S u l p h u r i c   a c i d  

i s   more   e f f e c t i v e   t h a n   h y d r o c h l o r i c .   I t   a l s o  

i l l u s t r a t e s   t h e   i m p o r t a n c e   of  a  good   b a l a n c e   b e t w e e n  

t h e   c o n c e n t r a t i o n   of  t h e   a c i d   and  i t s   p e r c e n t a g e .  

in  t h e   s o l v e n t ,   to   o b t a i n   t h e   maximum  r e d u c t i o n   i n  

w a s t e   o i l   l e a d   c o n t e n t .  

EXAMPLE  5 .  

T h i s   e x a m p l e   i l l u s t r a t e s  t h e   i m p o r t a n c e   o f  

t h e   p r e s e n c e   of   w a t e r   in  t h e   s o l v e n t   s y s t e m   a n d  

a l s o   t h e   e f f e c t s   of   i t s   p r e s e n c e   in  w a s t e   o i l   t o  

be  t r e a t e d .  

The  p r o c e d u r e   of  e x a m p l e   2  was  r e p e a t e d  

u t i l i z i n g   MIBK  and  a c e t i c   a c i d   w i t h   or   w i t h o u t   w a t e r .  

I t   was  f o u n d   t h a t   MIBK,  a c e t i c   a c i d   and  w a t e r   i n  

v o l u m e   r a t i o   of   9 0 / 7 / 3   g a v e   t h e   b e s t   r e s u l t   i n  t e r m s  

of  r a p i d i t y   of   a g g l o m e r a t i o n   and   s e t t l i n g   r a t e   a n d  

c l a r i t y   of  t h e   r e s u l t a n t   o i l - s o l v e n t   m i x t u r e .   T h e  

s o l v e n t   s y s t e m   w i t h o u t   w a t e r   r e s u l t e d   in  v e r y   l i t t l e  

s e t t l e d   a g g l o m e r a t e d   p a r t i c u l a t e s a n d   v e r y   d a r k ,  

u n c l e a r   o i l - s o l v e n t   m i x t u r e   e v e n   a f t e r   s e v e r a l  

h o u r s   of   s t a n d i n g .   The  a d d i t i o n   of   t o o   much  w a t e r  

in  t h e   s o l v e n t   s y s t e m   c a u s e d   t h e   f o r m a t i o n   of   a  s e c o n d  

a q u e o u s   p h a s e   as  t h e   s o l u b i l i t y   l i m i t   of  w a t e r   in   MIBK 

was  e x c e e d e d .   H o w e v e r ,   i t   was  f u r t h e r   f o u n d   t h a t  

t h e   p r e s e n c e   of   e x t r a   w a t e r   in  t h e   w a s t e   o i l   to   b e  



t r e a t e d   d i d   n o t   s i g n i f i c a n t l y   a f f e c t   t h e  

p e r f o r m a n c e   of   t h e   s o l v e n t   s y s t e m   of  MIBK,  

a c e t i c   a c i d   and   w a t e r .   The  p r o c e d u r e   o f  

E x a m p l e   2  was  a l s o   r e p e a t e d   u t i l i z i n g   w a s t e  

o i l   w h i c h   had   b e e n   p r e m i x e d   w i t h   d i f f e r e n t  

a m o u n t s   o f   w a t e r   up  t o   10%  w/w.   The  r e s u l t s  

a r e   s h o w n   in   T a b l e   3,   w h i c h   a l s o   i l l u s t r a t e s  

t h e   l e a d   c o n t e n t s   o f   t h e   w a s t e   o i l   a f t e r  

t r e a t m e n t   w i t h   MIBK  c o n t a i n i n g   1.9%  w/w  o f  

t h e   32%  HCl .   In   t h i s   c a s e   t h e   p r e s e n c e   o f  

e x t r a   w a t e r   i n   t h e   w a s t e   o i l   r e s u l t e d   i n  

i n c r e a s i n g   t h e   a m o u n t   of   l e a d   r e m o v a l   f r o m  

t h e   o i l .  



EXAMPLE  6 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   o f   s o l v e n t -  

t o - o i l   r a t i o   on  t h e   c o n t e n t   of   p a r t i c u l a t e   m a t t e r  

and  l e a d   in  t h e   o i l .   The  p r o c e d u r e   of  e x a m p l e   2 

was  r e p e a t e d   u t i l i z i n g   MIBK  c o n t a i n i n g   2.4%  w / w  

of  t h e   80%  H2SO4,  b u t   in  v a r i o u s   d i f f e r e n t   s o l v e n t - t o - o i l  

r a t i o s   down  to   1 / 1 .   In  one   s e t   of   e x p e r i m e n t a l  

t e s t s ,   t h e   w a s t e   o i l - s o l v e n t   m i x t u r e   was  l e f t   t o  

s e t t l e   f o r   30  m i n u t e s  p r i o r   to   d e c a n t i n g   o f f   t h e  

c l a r i f i e d   o i l - s o l v e n t   u p p e r   l a y e r .   In  a n o t h e r   s e t  

of   r u n s ,   t h e   o i l - s o l v e n t   m i x t u r e ,   a f t e r   t h o r o u g h  

m i x i n g ,   was  s u b j e c t e d   to   c e n t r i f u g a t i o n   a t   5000  r p m  

f o r   30  m i n u t e s   b e f o r e   d e c a n t i n g   o f f   t h e   c l a r i f i e d  

u p p e r   l a y e r .   In  t h e   l a t t e r   c a s e   a  v e r y   s m a l l   v o l u m e  

of  h i g h l y   c o m p a c t   s l u d g e   was  o b t a i n e d .   The  l e a d  

c o n t e n t s   of  w a s t e   o i l   t r e a t e d   in  t h e   a b o v e   m a n n e r  

a r e   shown  in  T a b l e   4 .  



The   r e s u l t s   g i v e n   in   T a b l e   4  d e m o n s t r a t e  

t h a t   l e a d   c o n t e n t   of   t h e   w a s t e   o i l   ( c o n t a i n i n g   a n  

i n i t i a l   0 .75%  w/w  l e a d   i n   o i l )   c o u l d   be  r e d u c e d  

t o   l e s s   t h a n   3%  t h e   a m o u n t   o r i g i n a l l y   p r e s e n t .  

i n   t h e   o i l ,   u s i n g   s o l v e n t - t o - o i l   r a t i o   as   l o w  

a s   1 . 5   t o   1.  H o w e v e r   f u r t h e r   r e d u c t i o n   in  t h e  

a m o u n t   o f   s o l v e n t   u s e d   r e s u l t e d   in   l e s s   e f f e c t i v e  

r e m o v a l   o f   c o n t a m i n a n t   i n c l u d i n g   l e a d ,   f r om  t h e   w a s t e   o i l .  

EXAMPLE  7 .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   of  t e m p e r a t u r e  

o f   t r e a t m e n t   on  t h e   a m o u n t   of   p a r t i c u l a t e   m a t t e r   a n d  

t h u s   l e a d   r e m o v e d   f rom  t h e   w a s t e   o i l .  

The   p r i m a r y  p r o c e d u r e   o f   e x a m p l e   1  was  r e p e a t e d   u t i l i s i n g  

s o l v e n t   of   MIBK  and  2.4%  w/w  of   t h e   80%  H 2 S O 4 ;  

i n   t h e   s o l v e n t - t o - o i l   r a t i o   of   1 / 1 ,   b u t   p r i o r   t o   m i x i n g  

o f   t h e   w a s t e   o i l   and  s o l v e n t   b o t h   w e r e   h e a t e d   t o   6 0 ° C  

i n   a  h o t   w a t e r   b a t h ,   f o r   a t   l e a s t   30  m i n u t e s .   T h e  

o i l - s o l v e n t   m i x t u r e   was  t h e n   c e n t r i f u g e d   a t   5000  r p m  

f o r   30  m i n u t e s .   L e a d   c o n t e n t   of   t h e   w a s t e   o i l  

t r e a t e d   a t   60°C  i s   shown  in   T a b l e   5,  and  t h e   r e s u l t  

c o m p a r e d   w i t h   t h a t   of   o i l   t r e a t e d   in   t h e   same  m a n n e r  

a t   2 0 ° C .  



The  r e s u l t s   in  T a b l e   5  d e m o n s t r a t e   t h a t  

t r e a t m e n t   a t   h i g h e r   t e m p e r a t u r e   c o u l d   r e s u l t   i n  

g r e a t e r   r e m o v a l   of  l e a d   and  t h u s   o t h e r   p a r t i c u l a t e  

m a t t e r   f rom  t h e   w a s t e   o i l ,   in   t h e   c a s e   of   v e r y  

low  s o l v e n t - t o - o i l   r a t i o .   At  h i g h e r   t e m p e r a t u r e ,  

t h e   v i s c o s i t y   of  t h e   o i l - s o l v e n t   m i x t u r e   i s   r e d u c e d  

and   t h e   m o v e m e n t   of  t h e   a g g l o m e r a t e d   p a r t i c u l a t e s  

t h r o u g h   t h e   m i x t u r e   i s   g r e a t l y   f a c i l i t a t e d .   T h i s  

r e s u l t e d   in   more   of  t h e   p a r t i c u l a t e   m a t t e r   b e i n g  

r e m o v e d   w i t h i n   t h e   c e n t r i f u g a t i o n   t i m e ,   c o m p a r e d  

to   t h e   m i x t u r e   c e n t r i f u g e d   a t  l o w e r   t e m p e r a t u r e .  

H o w e v e r ,   a t   h i g h e r   s o l v e n t - t o - o i l   r a t i o ,   t h e   s o l v e n t  

a d d e d   was  p r o b a b l y   s u f f i c i e n t   t o   r e d u c e   t h e   v i s c o s i t y  

of   t h e   m i x t u r e   s u f f i c i e n t l y   so  t h a t   i t   was  n o t   t h e  

l i m i t i n g   f a c t o r   in  t h e   s e t t l e m e n t   of   a g g l o m e r a t e d  

p a r t i c u l a t e s .   T h e r e f o r e ,   as   d e m o n s t r a t e d   in   T a b l e   4 ,  

a  s o l v e n t   to   o i l   r a t i o   as  low  as  1 . 5 / 1   was  s u c c e s s f u l  

in  r e d u c i n g   l e a d   c o n t e n t   of   t h e   w a s t e   o i l   t o   l e s s  

t h a n   3%  of   t h a t   o r i g i n a l l y   p r e s e n t   when  t r e a t m e n t   w a s  

c a r r i e d   o u t   a t   r e l a t i v e l y   l ow,   i . e .   r o o m , t e m p e r a t u r e .  



EXAMPLE  8 

T h i s   e x a m p l e   i l l u s t r a t e s   u s e   of   MEK  w i t h  

v a r y i n g   p e r c e n t a g e s   of  s u l p h u r i c   a c i d .  

The  p r o c e d u r e   of   E x a m p l e   2  was  r e p e a t e d   u t i l i z i n g  

MEK  and  s u l p h u r i c   a c i d   a t   d i f f e r e n t   p e r c e n t a g e s  

in   s o l v e n t .   T a b l e   6  shows   t h e   r e s u l t s   of   l e a d  

c o n t e n t   of  w a s t e   o i l   a f t e r   t h i s   t r e a t m e n t .  

In  a n o t h e r   s e t   of   r u n s ,   t h e   o i l   s o l v e n t   m i x t u r e ,  

a f t e r   t h o r o u g h   m i x i n g ,   w a s  s u b j e c t   to   c e n t r i f u g a t i o n  

of   5000  rpm  f o r   30  m i n u t e s   b e f o r e   d e c a n t i n g  

o f f   t h e   c l a r i f i e d   u p p e r   l a y e r .   The  l e a d   c o n t e n t  

of   t h i s   u p p e r   l a y e r   was  t h e n   d e t e r m i n e d .  



A  c o m p a r i s o n   of   t h e   d a t a   of   T a b l e   6  w i t h   T a b l e   2 

i n d i c a t e s   t h a t   MEK  i s   n o t   q u i t e   as   e f f e c t i v e   as  MIBK 

u n l e s s   t h e   m i x t u r e   i s   c e n t r i f u g e d .   When  t h i s   i s   d o n e ,  

l e s s   a c i d   i s   r e q u i r e d   to   a c h i e v e   t h e   m a x i m u m  

r e d u c t i o n   in   l e a d   c o n t e n t .  

EXAMPLE  9 

T h i s   e x a m p l e   d e m o n s t r a t e s   t h e   e f f e c t   o f   u s i n g  

a q u e o u s   a l k a l i   in   p l a c e   o f   a q u e o u s   a c i d .  

The  p r o c e d u r e   of   e x a m p l e   2  was  r e p e a t e d   w i t h  

t h e   s o l v e n t   s y s t e m s   c o m p r i s i n g   MEK  and  two  a l k a l i s  



u s e d   s e p a r a t e l y .   The  a l k a l i s   u s e d   w e r e   s o d i u m  

h y d r o x i d e   (30%  w/w  in  w a t e r )   and  ammonium  h y d r o x i d e  

(30%  w/w  N H 3  i n   w a t e r ) .  

W i t h   ammonium  h y d r o x i d e   in  MEK,  f l o c c u l a t e d  

p a r t i c u l a t e s   c o u l d   be  s e e n   s e t t l i n g   r a p i d l y   s o o n  

a f t e r   t e r m i n a t i o n   o f   m i x i n g ,   r e s u l t i n g   in   a  

d e s c e n d i n g   i n t e r f a c e   b e t w e e n   an  u p p e r   d a r k - r e d   o i l  

s o l v e n t   m i x t u r e   and   a  l o w e r   l a y e r   of   b l a c k   l i q u o r .  

When  t h e   s o l v e n t   c o n t a i n e d   0 .5%w/w  NH40H,  t h e  

s e t t l i n g   r a t e   o f   t h e   p a r t i c l e s   was  c o m p a r a b l e   t o  

t h e   c a s e   of   s o l v e n t   c o m p r i s i n g   MIBK  and   2 . 8 % w / w   o f  

H2SO4  and  a l s o   MEK  c o n t a i n i n g   t h e   same  a m o u n t   o f  

a c i d .   The  u p p e r   l a y e r   of   o i l - s o l v e n t   m i x t u r e   w a s  

a l s o   v e r y   c l e a r .   H o w e v e r ,   w i t h   MEK  c o n t a i n i n g  

d i f f e r e n t   p e r c e n t a g e s   of   NH4OH,  t h e   u p p e r   l a y e r   w a s  

n o t   as  c l e a r .  

In  t h e   c a s e   o f   s o l v e n t s   c o m p r i s i n g   MEK  a n d  

s o d i u m   h y d r o x i d e ,   t h e   u p p e r   o i l - s o l v e n t   l a y e r   w a s  

n o t   as  c l e a r   as  w i t h   MIBK  or   MEK  and  a c i d ,   e v e n  

t h o u g h   t h e   f l o c c u l a t e d   p a r t i c u l a t e s   c o u l d   be  s e e n  

s e t t l i n g   down  q u i t e   r a p i d l y .  

Lead   c o n t e n t s   o f   w a s t e   o i l   a f t e r   t r e a t m e n t   w i t h  

MEK  c o n t a i n i n g   d i f f e r e n t   p e r c e n t a g e s   o f   t h e   t w o  

a l k a l i s ,   a r e   shown  in  T a b l e   7 .  



The  d a t a   in  T a b l e   7  i l l u s t r a t e   t h a t   k e t o n e  

c o n t a i n i n g   a l k a l i   was  o n l y   p a r t i a l l y   s u c c e s s f u l   i n  

r e d u c i n g   t h e   l e a d   c o n t e n t   of   w a s t e   o i l ,   e v e n   t h o u g h  

in   some  c a s e s ,   t h e   s o l v e n t   a p p e a r e d   to   c a u s e   a  v e r y  

r a p i d   f l o c c u l a t i o n   and   s e t t l i n g   o f   t h e   s u s p e n d e d  

m a t t e r s .   The  l e a d   c o n t e n t s   w e r e   s u b s t a n t i a l l y   h i g h e r  

t h a n   f o r   w a s t e   o i l   t r e a t e d   w i t h   a c i d i f i e d   k e t o n e ,  

( i . e . ,   l e s s   t h a n   0 .02%  w/w  P b . )  

M o r e o v e r ,   when  an  o i l   s a m p l e   w h i c h  h a d   b e e n  

t r e a t e d   w i t h   MEK  c o n t a i n i n g   1.0%  w/w  NH4OH  ( a n d  

s o l v e n t   e v a p o r a t e d   o f f )   was  f u r t h e r   t r e a t e d   w i t h  

an  a c i d i f i e d   MEK  ( c o n t a i n i n g   1.0%  w/w  H 2 S O 4 ) ,   l e a d  

c o n t e n t   was  f u r t h e r   r e d u c e d   to   0 .015%  w / w .  



EXAMPLE  1 0  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   of   u s i n g  

a q u e o u s   s a l t s   in  p l a c e   of   a c i d .  

The  p r o c e d u r e   of   e x a m p l e   2  was  r e p e a t e d   w i t h  

t h e   s o l v e n t   s y s t e m s   c o m p r i s i n g   MEK  and  a p p r o x i m a t e l y  

4%  w/w  a q u e o u s   s a l t   s o l u t i o n s .   The  s a l t   s o l u t i o n s  

w e r e   N a C l ,   Na2SO4 ,   NH4Cl ,   (NH4)2SO4  and  F e C l 2 ,   a l l  

o f   w h i c h   w e r e   5N,  e x c e p t   f o r   Na2SO4  w h i c h   w a s  

s a t u r a t e d .   W a s t e   o i l   was  t r e a t e d   w i t h   t h e s e  

s o l v e n t   s y s t e m s   in  t h e   s o l v e n t - t o - o i l   r a t i o   of  3 / 1 .  

In  a l l   c a s e s ,   v e r y   r a p i d   f l o c c u l a t i o n   a n d  

s e t t l i n g   of  p a r t i c u l a t e s   was  o b s e r v e d   s o o n   a f t e r  

t e r m i n a t i o n   of   m i x i n g ,   r e s u l t i n g   in   an  u p p e r   l a y e r  

of   c l e a r ,   d a r k   r e d   o i l  -   s o l v e n t   m i x t u r e .   H o w e v e r ,  

t h e   f l o c c u l a t e d   p a r t i c u l a t e   p h a s e   d i d   n o t   s e t t l e  

c l e a r l y   and  some  of   t h e   m a t e r i a l   c o u l d   be  s e e n  

a d h e r i n g   to  t h e   w a l l   of   t h e   c o n t a i n i n g   v e s s e l .   T h e  

w a t e r y   s l u d g e   l a y e r   f i n a l l y   s e t t l e   to   a p p r o x i m a t e l y  

30%  of   t o t a l   v o l u m e   and  d i d   n o t   c o m p a c t   down  f u r t h e r  

e v e n   a f t e r   s e v e r a l  d a y s   of  s t a n d i n g .   H o w e v e r   a  g r e y  

l a y e r   was  s e e n   u n d e r n e a t h   t h e   b l a c k   l a y e r   a f t e r  

s e v e r a l   d a y s .  

In  a n o t h e r   s e t   o f   e x p e r i m e n t s ,   t h e   s o l v e n t  

s y s t e m   of   MEK  and   a q u e o u s   s a l t s   w e r e   u s e d   in  t h e  



s o l v e n t - t o - o i l   r a t i o   of   2 / 1 ,   and  t h e   o i l - s o l v e n t  

m i x t u r e   was  s u b j e c t e d   to   c e n t r i f u g a t i o n   a t   5000  r p m  

f o r   30  m i n u t e s .   The  l e a d   c o n t e n t   o f   t h e   o i l   in   t h e  

c l a r i f i e d   u p p e r   l a y e r   a f t e r   c e n t r i f u g a t i o n ,   was  f o u n d  

to   be  b e t w e e n   0 . 0 4 3   and  0 .046%  w/w  Pb  in   a l l   c a s e s .  

The  r e s i d u e   a f t e r   d e c a n t a t i o n   o f   t h e   c l a r i f i e d  

o i l - s o l v e n t   l a y e r   c o m p r i s e d   a  s m a l l   l a y e r   of   v e r y  

c o m p a c t   b l a c k   s l u d g e   as  w e l l   as  a n o t h e r   l a y e r  

( a p p r o x i m a t e l y   5%  of   t o t a l   v o l u m e )   o f   s t i c k y   d a r k  

l i q u i d ,   s i m i l a r   to   t h a t   o b t a i n e d   when  t h e   o i l - s o l v e n t  

m i x t u r e   was  l e f t   t o   s e t t l e   by  g r a v i t y .  

In  a  f u r t h e r   s e t   o f   e x p e r i m e n t s ,   t h e   i n i t i a l  

p r o c e d u r e   was  r e p e a t e d   w i t h   0 .67%  o f   5M  and   1 . 4 M  

s o l u t i o n s   of   s o d i u m   c h l o r i d e   in   w a t e r   to   e x a m i n e   t h e  

e f f e c t   o f   d e c r e a s i n g   t h e   a m o u n t s   o f   a d d e d   w a t e r   a n d  

a d d e d   s a l t .   A f t e r   two  h o u r s   no  c l a r i f i c a t i o n   c o u l d  

be  d e t e c t e d   v i s u a l l y ;   an  u p p e r   c l e a r   l a y e r   c o u l d   b e  

s e e n   a f t e r   24  h o u r s ,   b u t   some  s l u d g e   was  s t i l l  

a d h e r i n g   to   t h e   w a l l   of   t h e   t u b e .  

I t   was  c o n c l u d e d   f rom  t h e s e   e x p e r i m e n t s   t h a t  

a l t h o u g h   s a l t   s o l u t i o n s   c a u s e   f l o c c u l a t i o n   o f  

s u s p e n d e d   p a r t i c u l a t e s ,   t h e y   a r e   n o t   as  e f f e c t i v e  

as  a q u e o u s   a c i d s   o r   a l k a l i s .  



EXAMPLE  1 1  

T h i s   e x a m p l e   d e m o n s t r a t e s   t he   e f f e c t   of   c a r b o n i c  

a c i d   in   MEK. 

The  p r o c e d u r e   of   e x a m p l e   2  was  r e p e a t e d   w i t h   t h e  

s o l v e n t   s y s t e m   c o m p r i s i n g   MEK  and  5%  w/w  w a t e r ,  

s a t u r a t e d   w i t h   c a r b o n   d i o x i d e   (CO2)  g a s .   V e r y   r a p i d  

f l o c c u l a t i o n   and   s e t t l i n g   of   p a r t i c u l a t e s   w a s  

o b s e r v e d ,   r e s u l t i n g   in   an  u p p e r   c l e a r ,   d a r k   r e d  

o i l - s o l v e n t   m i x t u r e   and   a  l o w e r   b l a c k   l i q u o r  

c o n t a i n i n g   s e t t l i n g   s l u d g e ,   soon   a f t e r   t e r m i n a t i o n  

of   m i x i n g .   The  s l u d g e   was  v e r y   s t i c k y   and   c o u l d   b e  

s e e n   a d h e r i n g   to   t h e   w a l l   of   t h e   c o n t a i n i n g   v e s s e l ;  

t h e   w a t e r y   s l u d g e   l a y e r   was  f o u n d   n o t   to   c o m p a c t  

down  w i t h   f u r t h e r   s t a n d i n g ,   o c c u p y i n g   a p p r o x i m a t e l y  

30%  of   t o t a l   o i l - s o l v e n t   v o l u m e   e v e n   a f t e r   s e v e r a l  

d a y s .  

W i t h   t h e   s o l v e n t   s y s t e m  c o m p r i s i n g   MEK  and   1% 

w/w  w a t e r ,   s a t u r a t e d   w i t h   C02,  t h e   o i l - s o l v e n t  

m i x t u r e   r e m a i n e d   b l a c k   f o r   a t   l e a s t   2  h o u r s   w h e n  

l e f t   to   s e t t l e   by  g r a v i t y .   H o w e v e r ,   a f t e r   24  h o u r s  

s t a n d i n g ,   a  c l e a r e r ,   d a r k   r e d   o i l - s o l v e n t   m i x t u r e  

r e s u l t e d   t o g e t h e r   w i t h   a  b o t t o m   l a y e r   of   b l a c k  

s l u d g e   ( a p p r o x i m a t e l y   10%  of   t o t a l   v o l u m e ) .  



I t   was  c o n c l u d e d   f r o m   t h e s e   e x p e r i m e n t s   t h a t  

a l t h o u g h   c a r b o n i c   a c i d   c a u s e s   f l o c c u l a t i o n   o f  

p a r t i c u l a t e s   i t   i s   n o t   as   e f f e c t i v e   as  s t r o n g e r  

a c i d s .   A  h i g h e r   c o n c e n t r a t i o n   o f   c a r b o n i c   a c i d ,  

w h i c h   c o u l d   be  a c h i e v e d   by  o p e r a t i n g   a t   p r e s s u r e s  

a b o v e   a t m o s p h e r i c ,   c o u l d   be  e x p e c t e d   to   g i v e  

i m p r o v e d   p e r f o r m a n c e .  

I t   w i l l   be  c l e a r l y   u n d e r s t o o d   t h a t   t h e   i n v e n t i o n  

in  i t s   g e n e r a l   a s p e c t s   i s   n o t   l i m i t e d   to   t h e   s p e c i f i c  

d e t a i l s   r e f e r r e d   to  h e r e i n a b o v e .  



1.  P r o c e s s   f o r   t r e a t i n g   u s e d   l u b r i c a t i n g   o i l  

to  r e d u c e   t h e   c o n t e n t   of   s u s p e n d e d   p a r t i c u l a t e  

m a t t e r   t h e r e i n ,   c h a r a c t e r i z e d   by  c o n t a c t i n g  

s a i d   u s e d   l u b r i c a t i n g   o i l   w i t h   a  c a r b o n y l - g r o u p  

c o n t a i n i n g   c o m p o u n d   in   t h e   p r e s e n c e   of   a n  

a q u e o u s   e l e c t r o l y t e ,   s e p a r a t i n g   t h e   r e s u l t i n g  

m i x t u r e   i n t o   an  u p p e r   l a y e r   c o n t a i n i n g   c l a r i f i e d  

o i l   and  a  l o w e r   l a y e r   c o n t a i n i n g   a g g l o m e r a t e d  

p a r t i c u l a t e s ,   and  r e c o v e r i n g   o i l   of   r e d u c e d  

p a r t i c u l a t e   c o n t e n t   as  p r o d u c t .  

2.  P r o c e s s   a c c o r d i n g   to   C l a i m   1  in   w h i c h   t h e  

c a r b o n y l - g r o u p   c o n t a i n i n g   c o m p o u n d   i s   c h o s e n  

f rom  one  or  more   of   t h e   g r o u p   c o n s i s t i n g   o f  

k e t o n e s ,   e s t e r s   and   a l d e h y d e s .  

3.  P r o c e s s   a c c o r d i n g   to   C l a i m   2  in   w h i c h   t h e  

c a r b o n y l - g r o u p   c o n t a i n i n g   c o m p o u n d   i s   m e t h y l  

i s o b u t y l   k e t o n e   a n d / o r   m e t h y l   e t h y l   k e t o n e .  

4.  P r o c e s s   a c c o r d i n g   to   C l a i m s  1 ,   2  or   3  i n  

w h i c h  t h e   e l e c t r o l y t e   i s   c h o s e n   f r o m   one  o r  

more   of  t h e   g r o u p   c o n s i s t i n g   of   i n o r g a n i c  

and  o r g a n i c   a c i d s ,   s a l t s   and  a l k a l i s .  



5.  P r o c e s s   a c c o r d i n g   to   C l a i m   4  in   w h i c h   t h e  

e l e c t r o l y t e   i s   c h o s e n   f rom  one  o r   morc   of  a c e t i c  

a c i d ,   s u l p h u r i c   a c i d ,   h y d r o c h l o r i c   a c i d ,   c a r b o n i c  

a c i d ,   s o d i u m   c h l o r i d e ,   s o d i u m   s u l p h a t e ,   a m m o n i u m  

c h l o r i d e ,   ammonium  s u l p h a t e ,   f e r r o u s   c h l o r i d e ,  

a l u m i n i u m   s u l p h a t e ,   s o d i u m   h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e   and   ammonium  h y d r o x i d e .  

6.  P r o c e s s   a c c o r d i n g   to   a n y  o n e   o f   t h e   p r e c e d i n g  

c l a i m s   i n c l u d i n g   two  o r   m o r e ' s e q u e n t i a l   c o n t a c t i n g  

s t e p s   e m p l o y i n g   d i f f e r e n t   e l e c t r o l y t e s .  

7.  P r o c e s s   f o r   t r e a t i n g   u s e d   l u b r i c a t i n g   o i l   t o  

r e d u c e   t h e   c o n t e n t   of   s u s p e n d e d   p a r t i c u l a t e  

m a t t e r   t h e r e i n   c h a r a c t e r i z e d   by  c o n t a c t i n g   s a i d  

u s e d   l u b r i c a t i n g   o i l   w i t h   a  s o l v e n t   c h o s e n   f r o m  

o n e   o r   more   o f   m e t h y l   e t h y l   k e t o n e ,   m e t h y l  

p r o p y l   k e t o n e ,   m e t h y l   i s o b u t y l   k e t o n e ,   d i e t h y l  

k e t o n e   and  e t h y l   a c e t a t e ,   in   t h e   p r e s e n c e  

of   an  a q u e o u s   a c i d   c h o s e n   f r o m   one   or   more   o f  

a c e t i c   a c i d ,   s u l p h u r i c   a c i d ,   h y d r o c h l o r i c   a c i d  

and  c a r b o n i c   a c i d ,   s e p a r a t i n g   t h e   r e s u l t i n g  

m i x t u r e   i n t o   an  u p p e r   l a y e r   c o n t a i n i n g   c l a r i f i e d  

o i l   and  a  l o w e r   l a y e r   c o n t a i n i n g   a g g l o m e r a t e d  

p a r t i c u l a t e s ,   and  r e c o v e r i n g   o i l   o f   r e d u c e d  

p a r t i c u l a t e   c o n t e n t   as  p r o d u c t .  



8.  P r o c e s s   f o r   t r e a t i n g   u s e d   l u b r i c a t i n g   o i l  

to  r e d u c e   t h e   c o n t e n t   o f ' s u s p e n d e d   p a r t i c u l a t e  

m a t t e r   t h e r e i n ,   c h a r a c t e r i z e d   by  c o n t a c t i n g  

s a i d   u s e d   l u b r i c a t i n g   o i l   w i t h   a  s o l v e n t   c h o s e n  

f rom  one  o r   more   of   m e t h y l   e t h y l   k e t o n e ,   m e t h y l  

p r o p r l k e t o n e ,   m e t h y l   i s o b u t y l   k e t o n e ,   d i e t h y l  

k e t o n e   and  e t h y l   a c e t a t e ,   in   t h e   p r e s e n c e  

of  an  a q u e o u s   e l e c t r o l y t e   c h o s e n   f r o m   one  o r  

more   of  s o d i u m   c h l o r i d e ,   s o d i u m   s u l p h a t e ,  

ammonium  c h l o r i d e ,   ammonium  s u l p h a t e ,   a n d  

f e r r o u s   c h l o r i d e ,   s e p a r a t i n g   t h e   r e s u l t i n g  

m i x t u r e   i n t o   an  u p p e r   l a y e r   c o n t a i n i n g   c l a r i f i e d  

o i l   and  a  l o w e r   l a y e r   c o n t a i n i n g   a g g l o m e r a t e d  

p a r t i c u l a t e s ,   and  r e c o v e r i n g   o i l   of  r e d u c e d  

p a r t i c u l a t e   c o n t e n t   as  p r o d u c t .  

9.  P r o c e s s   f o r   t r e a t i n g   u s e d   l u b r i c a t i n g   o i l  

to  r e d u c e   t h e   c o n t e n t   of  s u s p e n d e d   p a r t i c u l a t e  

m a t t e r   t h e r e i n ,   c h a r a c t e r i z e d   by  c o n t a c t i n g  

s a i d   u s e d   l u b r i c a t i n g   o i l   w i t h   a  s o l v e n t  c h o s e n  

f rom  one  o r   more   of  m e t h y l   e t h y l   k e t o n e ,   m e t h y l  

p r o p y l   k e t o n e ,   m e t h y l   i s o b u t y l   k e t o n e ,   d i e t h y l  

k e t o n e   and  e t h y l   a c e t a t e ,   in  t h e   p r e s e n c e  

of  an  a q u e o u s   a l k a l i   c h o s e n   f rom  one  or   m o r e  

of  s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e   a n d  

ammonium  h y d r o x i d e ,   s e p a r a t i n g   t h e   r e s u l t i n g  



m i x t u r e   i n t o   an  u p p e r   l a y e r   c o n t a i n i n g   c l a r i f i e d  

o i l   and  a  l o w e r   l a y e r   c o n t a i n i n g   a g g l o m e r a t e d  

p a r t i c u l a t e s ,   and  r e c o v e r i n g   o i l   of   r e d u c e d  

p a r t i c u l a t e   c o n t e n t   as   p r o d u c t .  

10 .   P r o c e s s   a c c o r d i n g   t o   a n y  o n e   of   t h e   p r e c e d i n g  

c l a i m s ,   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   f r o m   1 5 ° C  

to   6 0 ° C .  

11.  P r o c e s s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t h e   r a t i o   of   s o l v e n t   to   o i l   i s  

f r o m   1 . 5 : 1   to   4 : 1 .  
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